Objective: The purpose of this study was to assess the relationship between urinary WT1-positive cells (podocytes and active parietal epithelial cells) and WT1-positive cells in renal biopsy to investigate whether urinary WT1-positive cells are useful for detection of crescent formation.
| INTRODUCTION
Podocytes (glomerular epithelial cells) line the outside of glomerular capillaries and, thus, face Bowman's capsule and primary urine. [1] [2] [3] Podocytes form part of the filtration barrier together with capillary endothelial cells and the glomerular basement membrane (GBM), to ensure selective permeability of the glomerular capillary wall. [4] [5] [6] In glomerular injury or aging, podocytes retract and broaden their foot processes, and may detach from the GBM. 5, 7 Detachment of podocytes and loss into urine has been implicated in the development of proteinuria, progression of glomerular diseases, glomerulosclerosis, and crescent formation. [8] [9] [10] Parietal epithelial cells (PECs), which have polygonal cytoplasm resembling squamous epithelial cells, cover the inner aspect of Bowman's capsule. 11 PECs, located within the parietal epithelium predominantly at the vascular pole, share properties with visceral podocytes with regard to size, shape and interdigitating foot process pattern. [11] [12] [13] It has been reported that PECs proliferate and shed in urine during active glomerular disease.
14 Cellular crescents result from glomerular epithelial cell overgrowth filling up Bowman's space, which compromises glomerular function. The cellular composition of crescents has been debated because crescentic cells are often positive for both podocyte and PEC markers in immunohistochemistry. 7, 15, 16 However, recent research using lineage-tracing studies performed in mice has clearly
shown that PEC proliferation leads to a significant increase in the number of cells within crescents. 16, 17 Although crescent formation most frequently occurs in necrotising crescentic glomerulonephritis, it also occurs in several glomerulopathies including IgA nephropathy, lupus nephritis and diabetes mellitus. 16 Crescent formation is a poor prognostic factor for any glomerular disease; therefore, early detection and early treatment are important. However, there have been few studies of non-invasive biomarkers that could detect all forms of crescent formation.
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It is now well established from a variety of studies that podocytes and PECs are present in the urine of patients with various glomerular diseases. Urine samples from these patients were obtained just before biopsy.
| Sample preparation
Urine cytology slides were prepared following SurePath manual protocols. 6 Briefly, 10 mL of fresh urine homogenised before dispensing was centrifuged in a conical tube at 600 g for 10 min. The supernatant was discarded and the sediment resuspended in 5-10 mL of CytoRich Red TM (Becton Dickinson, Franklin Lakes, NJ, USA). After a 30-minute fixation, specimens were centrifuged at 600 g for 10 minutes and the supernatant discarded. Six mL of distilled water was added to the sediment and specimens were centrifuged at 600 g for 5 min. The supernatant was again discarded. Another 300 lL of distilled water was added to the sediment and specimens were resuspended by vortexing for 10 s. After resuspension, each specimen was transferred into plastic chambers and mounted on slides for 10 minutes using gravity sedimentation and electrical adhesion. The slide rack was then turned upside down to discard the supernatant and the inside of the plastic chambers were rinsed with 95% alcohol. The slide rack was turned upside down, the plastic chambers removed and slides immediately placed in 95% alcohol. DakoCytomation). These renal biopsy slides were used for a twostep antigen retrieval method. Briefly, slides were first activated by protease (Nichirei Biosciences) at room temperature for 10 minutes and then heated in citrate buffer at 98°C for 20 min. Subsequent processing was the same as for immunocytochemistry.
| Immunocytochemistry
We previously reported that with heat treatment alone, both nuclei and cytoplasm of podocytes were positive for WT1. 6 Therefore, in this study, the cytoplasm was destroyed by proteolytic enzyme treatment to facilitate the counting of podocytes. WT1-positive nuclei were counted in renal corpuscle and crescentic lesion by two authors (T.F. and H.O.) blinded to the patients' diagnoses. Computing, Vienna, Austria)).
| Statistical analysis

| Ethical considerations
Informed consent was obtained from each patient. This study was approved by the Ehime Prefectural University of Health Sciences 
| Immunohistochemistry (renal biopsy)
WT1 immunohistochemistry showed strongly positive nuclei for podocytes and PECs (Figure 2A ). In contrast, WT1-positive nuclei in cellular and fibrocellular crescents were moderately to weakly positive ( Figure 2B ). In addition, nuclei in fibrous crescents were negative for WT1 ( Figure 2C ). (Figures 1 and 2) . Alcohol-based fixatives reportedly yield less reproducible staining for antibodies to nuclear epitopes. 20 Additionally, nuclear expression of WT1 is only detectable in formalin-fixed material. 21 In the current study, the fixative employed for urine cytology was CytoRich Red, an alcohol-based fixative including isopropanol and methanol. 22 Several studies have and PDX. 5, 7, 14, 15 In our study, podocytes, PECs and crescent cells in renal biopsy were WT1-positive. Therefore, urinary WT1-positive cells are possibly derived not only from podocytes and proliferative
PECs, but also crescent cells.
In the present study, WT1-positive cells exhibited various sizes and shapes, including both mono-or multinucleated cells. If injury to the podocyte is severe, the podocyte may detach from the GBM into the urine. Alternatively, serious injury can cause podocytes to undergo apoptosis. 28 The remaining podocytes increase their size to cover the GBM in denuded areas where neighbouring podocytes have detached or died. 29 Although podocytes are considered terminally differentiated cells, they can re-enter the cell cycle in some circumstances. 29 Moreover, expression of cell cycle proteins such as cyclins A and D has been reported in several glomerular diseases, [30] [31] [32] as has strong up-regulation of p21 and p27 in podocytes of glomerular disease model rats and human crescentic glomerulonephritis. 26, 33, 34 These findings suggest that podocytes resist entering the cell cycle, but they proceed at least until the mitosis PECs. 16, 28 Although mechanisms underlying crescent formation are still not fully understood, it has been reported that both fibrin and plasma are involved. Fibrin formation or the leakage of several plasma components at the site of glomerular vascular injury promotes PEC proliferation and, thus, a cellular crescent is formed. 35, 36 Nitta et al 34 reported that the expression of p27 was low in cellular crescents, whereas podocytes were positive for p27 within the same section. This phenomenon indicates that podocytes entered the cell cycle; although, as previously mentioned, they cannot complete cytokinesis. As such, podocytes exhibit various morphologies such as hypertrophy and multinucleation, depending on the timing of cell cycle arrest. Regardless, this causes detachment from the GBM and cell death, in a process known as mitotic catastrophe. 16, 29 In crescentic glomerulonephritis, there is the potential for many podocytes to detach from the GBM as a result of mitotic catastrophe. It 
